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Ne Yo Makkaveyev

PECULIARITIES OF THE FORMATION OF DOWNSTREAM

LOWLAND RIVERBEDS

(In the articles of K« Ye Makkaveyevs "Peculiaritles of the
Formation of Downstream Lowland River Beds" and of D. A. Koslovskiys
npiver Bed Processes and Recent Verticsl Shifte of the Earth's Core,"
the authors hold contradictory viewpoints on certain premises on
the formation of river beds. The editorial board is considering
the publication of both worksswbich are devoted to the vital and,
gene.ally, very controversial questions of river bed dynemics,

which are of indubitable interest, in one compendium)

BACKGROUND OF THE PROBLEM

On the basic tenets of Davis's (1899) theory on the cycles
of river erosion is the principle fixing the dependence of the
processes of accunilation and erosion in riverbeds upon the re-
1ative changes of the eroalon level. According to this principle,
an inevitable accumilation ensues in riverbéd bottoms upon ele=
vation of the erosion level for a congiderable stretch upstream
starting from the newly formed estuary, whereas in level-lowering,
deep erosion ensues and the river bottom cuts into the &lluvium or
the bed rock, likewise for a considerable stretch upstream. This
principle is based upon the premise that the receiving basin al=
ways exerts tributary action on that part of the river stream
contiguous to the estuary. Thus the level increase results in

shifting the tributary zone upstrean and furthers the slowing of
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the current and the acoumulation of alluvium whlch, in turn, furthers

river channel elevatlon.

The elevated sectors of the river bottom result, them, in a
pributary of the superstratum of the river's sector, the bottom

of which also gradually rises.

)

mtensive alluvial accunmlation et the confluence of the
stream with the basin and the gradusl upstream shift of the accumue
1lation zone is actuelly observed in rivers the discharge of which
diminish toward the atuary (many rivez;s of arld areas). Regressive
acoumilation cmusing a gradusl heightening of bottom level and water
level in the river in proportion to silting of reservoirs (Shame
ghov, 1939) is clearly cbservable above many damse Thus there are
graphic confimmations of Davis's thesls and it is widely used in
geometriccanalysis as completely gzccurate. However, a number of
phenomena observed on rivers, particularly in lowlands, cast doubt

upon the universality of this thesis.

Farly in the 90's of the last centuxy, the glfted engineer
and wonderfully penetrating researcher, N. S. Lelyavskiy (1895),
showed the concept of the river tributery at the point of entrance
into the sea to be not wholly true because with the discharge of
water which fomms the bed, i.e., in spring floods, no tributary
is observed in the lowlands, but rather a lowering in open surfacs.
In his report to the Third Session of Russian Waterway Speclelists
in 1895, N. S. Lelyavskiy stated that with a river's issue into a
basin, in proporticn to a rise in river water level, an additional
slope is formed which furthers the increase of flow=rate and ero=

gion of the bottom. Thus the stream, at low water levels, when

-2-
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passing along the overly deepened bed, has low current flows and
a negligible lowering of water-surface grade, i.e., the tributary
phenomenon 1s observed only in a styeam of known mean water level

which does not form a river bed.

Thus on the lower Dnepr, between Kherson and (irlsm the
drop at mean water level is 0.32 meters whereas in the spring
flood it is 2,19 meters, l.e., 7 ¢imes greater. In Lyelyavekiy's
opinion the main cause was precisely that, within the limits of the

indicated sector, reaches of great depths predominate;/

Basin level * s

Figure 1, Tributary cuive at ‘the estuary reglon according

to bavis hy actual depth hy depth attributery zone
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M. P. Fudskiy (1905) expressed this very idea in more general
form having ascertained that the deepening of the bed "near the

estuary in alluvial 1owlands" is charscteristic of many rivers.

N. T. Nikolayev end B Ve polyskov (1937) stated the thesis
that the oxigin of estuary depressions in the Volge's bed were due
4o the peculiaritles of & hydrological condition of the estuary
gector for which aen increase of water surface slope was character-
igtie in spring flood periods. These authors slso noted that the
overdeepening of estuaries was & usual phenomenon and that it was
observed for rivers both at settling and elevating sectors of the

littorals.

K. Ko Markov (19hB) after devailed analysis of processes
i’oming s longitudinal profile of a river, drew the conclusion that
there cannot be & wall=defined connection between changes of alti-

tude of erosion level and the erosive aotivity of the river.

HYDRAULICS OF ESTUARY CONFLUENCES

The causes leading to the formation of overdeepened estuaries
are wasily ascertained in ‘the analysis of the hydravlics of stream
confluences with water-receiving basing. It is true that the gen=
eral theory of estuary confluencas still has not been worked out and,

in the wain, experimentsl data must be relied uporl.

In order to show this hydrauwlic scheme by which Davists hypo~
thesis can be clarified we shall present a stream, to simplify the
problem, which has & wniform botvom slope extending, withoub break,

o the bottom of the receiving basin. (Figure 1)s Omitting, in

§
|
i
i
{

Decl: i - iti v
assified in Part - Sanitized Copy Approved for Release 2012/05/15 : CIA-RDP82-00039R000200020010-7




Declassified in Part - Sanitiz ‘ \‘

- ed Copy Approved for Releas ‘
Joosiezsitcd e 2012/05/15 : CIA-RDP82-00
Part_Sa Apbrovedor -00039R000200020010-7

the first spproximation, losaes in the formation of thermal energys
i for the extent of the estuary gector of the river, under given
conditions, the following relation between depth and current swiite

ness can be presenteds

2
1 V2
-—é-é—- +* hl = | _E_ + h2 s

with vq and Vo == current velocity in sections wlth corresponding
depths hy and hgs and ge= accelerabion of the force of gravity. Sup-
posing veloclty Va in the second (estuary) secticn %o approximate

sero, thens
2
v
1
% +hy o= h‘2’

whereupon hy exceeds by for the value of velocity pressure. The
pesulting level increase must extend upstrean adeording to the curve
(dotted line in Figure 1), asymptotically approximating that sbtream

surface which must be in its wniform (actual) states

Value of velogity pressure (L\ h =hp -= D) is compubed ac~

cording ‘to the equation A h= _%vf , with xeKoriclus' factor ap-
21
proximately squaling lele Tn lowlend rivers where median current

velogity generally does not exceed 1 to 1.5 meters per seconds

h is the value equal %0 several centimeters. In mounbaln
streans where current velocity can exceed 5 meters per second,
value Q h can reach 1 to 2 meters. Decause & loss of energy

regulte from sbtream proadening, which we omib in equation (1)

‘
&
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the value of level changs 18 in@ « Cepwith  the cosffles

jant of loss, whose value is set ab O up 1o ==l by various researchers.

Tiven with gapprox&.rw’oing sero, vVelue £Sh for lowland rivers
1s, nonetheless, &n \nsignificant part of the active depth of the
strean (h)y bub because thls 1abter facto¥ decreases in the widen=
ing of a sbtream, due to the spread of layers of water along the
basin areaé, then at the ares of lssue into the basin there should
be not an inerease put & decrease 4n ‘the levele The local lowering
of level on the eurve of drop is passed Up to the upper yeaches of
the river where, &8 a resulbt, an inerease of current veloclty occurs.
This is a welleknown phenomencn o hydro-teohniciane 4n flumes ib
15 possible 4o obtain in the upper perroved 8echor, BOWE lowering
of levels, after having chosen an adequately large angle of widen=

inge

Figuve 2 gives the results of tests conducted by us in 19h9.
n a flune 26 centimeters wide and 180 centvimeters deeps with & horl~
gontal bottom, two 1longitudinal glass partitions were set up Yo con=
stitute a rectilinear mpedh 10 centimeters wide. ¥ach pertition con=
sisted of two parts, the lower halves of wihich (along ghe current)
covld easily be withdrawn without stopping the cireulation of water.
In the space between the partitigns snd walls of the flumey Ob=
ligue par’oitions were éet up making an ag spation center of the lower
half of the wpedn. These partitions were 1ikemse easily rexaoved
without stopping the waber circulation in the flume and cbbaining
a sudden wideninge Thus it became possibla 4o determine very. ac=
curately the influence exerted by changing the #bed! widith on water

level and current velocily in the upps¥ narrowed 86CtOTe In the
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tests particular attention was pald to having the water level in
the pressure reservoir abaolutely constant, . Measurement of cur=

L rent velocity was done with a tube constructed by A. I. Losiyeve

| sklys
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Figure 2. The lowering of water Jevel and change in values

of current veloeity in widenin the stream in the rocker. Oraduations
on the levels have been made from en ad hoe level constant for the

entire series of tests

leveling of water line was effected by a method also devised by Ay To
Losiyevskly, which ensbled precision graduation up to 0.0L millimeters.
Thé. tests were repeated seversl times at various depths and current
veloclty in inverse direction, and all variants provided analogous
results. Always in "bed" widening a depreseion of “estuary" waber
surface was observed, as was the lowering of water surface and thg
slight increase of bottom current veloeity in the narrowed parits

ahove the "estuavy." In each case nothing similar to a tributary

phenomenon was revesled above the “estuary."

The phencmenon of an estuary drop is particularly pointed when
the bottom slope is increased below the estuary (the ledge has a
steeper piteh then the trough)s The phenomenon of an "estuary cas=
cade® with the formation of e clear rise of water surface is then
frequently cbserved (Figure 3). A similiar curved drop is observed

at confluences of canals with large water resei'voirs and gbove deep
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dredged cuts in rivers (Chextousov, 193k, page 65)«

The wabere of a receiving basin can constitute a stresm

tributary whens

P (a) Current velocities of a strean are so great that & h
exceeds hy (mountain streams with a turbulent current); the length
of the tributary zone, as P. S, Makeyev (1sl1) quite correctly

noted, is very insignificante

(b) The receiving basin 1s &0 small that the shore oppoe=
; gite the estuary stirs the tributary wave which overlaps the es=

tuary (sn artificlel water repervoir)s

i,

Figure 3. COurbed drop of a free surface of a stream in

confluence with a cenal with a deep reservolr,

(e) An independent current is in the receiving basin which
prevents the spilling of the stream of the descending river (the
- , j jssue of a tributery into a river having greater current veloelty
| than the tributary)s

-9-
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1 gll other cases the issue of a stream into a basln 1s abe
vended by the phenomenon of a drop, whereupon as shell be seen
later, rivers ususlly deepen estuary beds and form & eand bank which
gradually shifts into: whe water ares of the receiving basin, md

does not rise upstream as would follow Davia's theory.

RESTUARY FORMATION

We shall now tum to the influence of the hydraulics of ea-
tuary sectoys on thelr morphology; starting with the simplesat casej

the artificlal cansl\alon%"wb.ich 8 sbtream passes.

In hydrologlcal engineering quite frequently (to avoid

dredging) canals are jdinad with water~receiving basine so that the

cansl bottom is, at its estuary sector, level with the basin water
level. When water is released along thils canal, a clearly defined

curved diop is fomed in its lower parts and eurrent veloeities to=

wards the estuary increass, reaching maximum values just below the

estuary cuts Within the basin the veloclity beglnsl\todscraase rae

pitly in the degree that the stream waters mingle wlth the gtill

water of the water intake. The more the;cansl is £illed, the more the

curved drop broadens the distance against the current and the higher
the veloeity value in the estuary, where sometimee a rapld with !

bubbling whirlpools end high waves is formed.

We had oceasion to observe a ploture of a large "waterfall
at the confluenscs with the sea of a large canal on the Black Sea
1ittoral with & water discharge exceeding 200 gubic msters, In the
first weeks after the canal was placed in operation, current velo=

cities in its estuary exceeded 5 meters for a second, and in the

wlBo
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bed of the cenal, during the passage of even smell floods, eroslons
wers observed which extended the depth of separate sectors by several

mebers in a 2i~hour periocd,

The estuary waterfall, in canels with an eroded bottom, ra=-
pldly levels down because, for one, along the entire drop zone &
number of deep depressions forms whi‘ch gradually fuse into omA
or several stretches and pools, and the phenomenon of a drop bacomes

diffused.

Also, sn accumilating f£ill (send benk) forms in front of
the estuary within the basin which isolates the estuary depths
from those of the water intaks. With low canal water levels the
ourrent, supported by the sand bank, becomes completely tranquil.
The drop phencmenon lasts only in high water periods and tapers
off from year to year to the degree of depth increase in the estuary

zone and sand bank enlargement.

Az an exanple of an estuery under spring flood, which estuwary
is s%ill in the stage of; forming a sand bank, we shall eite data
on distribution of depths, slopes and current veloeities along
the navigable channel in the lowlands of a river where a breach
of a sea littoral dune belt occurred in 1840. The breach led
to the formation of & new bed along a direct course o the sea
(Table 1) Depth and slope measurements wers mads in 1895, i.04y
55 years after the formation of the breach. Current velocities were
caloulated on Chezy-Manning formulas v '-““:,L'{"‘ H 2/3 T} with H = stream
depthy I = water surface slope, ne coefficient of roughness. The

lavter was provisionally set at a consbtant and uniform 0.037.

The data of Table 1 have been interpolated on the diagram
(Figure k),

wll -

ol
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Figure b Distribution of average depths, glope values of
woker surface and averags styesm velocities in spring floods along

the channel in the estuary of one river.

_The table and diagrem show graphically that the drops in
water surface gradually incresse downstream, reaching up to 55

centimeberas a kilometer at the sea.

Current velocities inor ase in most areas of spring flood wave
spread, bub only up to a certaln point; below which the veloclly
subsides due to depth reduction, in spite of the extended increase
of alopes The slowing of speed ocours in the ses area whiere the

. flow of the stream to the sides and the mingling with sea water

produces the fomation of a sand banke

i
i
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TABLE I '.

Distributlon of slopes, depths, &nd current velocities along

the channel at estuary river sector in the 1895 spring flood

Distance from the Slope of water Depth in Stream velooity

roadstead in kilometers surface netexs meters per second
52-70 0,000170 9.8 1+60
l3=52 0,0001.86 10.5 1.68
3241 0,000191 10.8 Lo7h
16-32 0,000257 949 1450
- Sw18 0,00036k 8.9 2520
Bud 0000457 645 2,00
05 0,000883 3.0 1426

SOME RIPIRICAL FUNCTIONS

To determine estuary drop zone length or, as fraquently
stated,"zones of the spreading of a spring flood wave," we con=

ducted the following research

-
P ,
2 :
£ 2
g8 |
= ; H i
2 y | ‘
0 £

TEG0 ~T600  1h00 1200 1000 ¥O0 600 LOO 200 (]

Kilometers from Bstuary

Figure 5. Diagrem of the increase of spring flood crest levels
over the level of stable mean water level in the Jowlands of a rivers
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Diagrams of the increase of spring flood crest levels over the
1evel of steble mean water level were made of the lower currents
of 15 large lowland rivers of the USSR over a period of seversal
years. Figure 5 is a copy of a simllar diagrem. As is seen, the
uniformity of drop is broken by separate local depressicns and
crests, Local changes in the estuary drop durve, which depend upon
the form of the trough, on the access of water from the tributaries
sand the formation of ice jams. (Ice Jams in northem rivers are the
main reassen for the very pronounced lack of wiformity of the drop
curve), sometimes complicate determination of the genersl curve
length. However, in the majority of cases, it was possible to fix
the curve limits definitely. The data derived suggest the following
equations

kH
L - 2)

with I = length of spread-zone in kilometersjy He level amplitude

in meters at the beginning of the spread-zone; hekilometer drop of
the average current of a river in centimetersj ke coefficient, whose
value for rivers with slopes of 0,00008-0,00010 is sbout dovble, and
for rivers with slopes of 0,00003-0,00008 is sbout 2.5. By increas-
ing spring flood intensity, the coefficient value increased accorde
ing to the equation ky = k + O ,000024Q, with Q the meximal issue

in cubic meters per second (the coefficient equation k=£(Q) was
dsrived for rivers with a spring flood lssue from L to 60 thousand

cublc meters.)

Estuary gzone drop lengths in large rivers with small slopes
reasch several hundred kilometers. Thus it excesds 2000 kilo=

wlli=
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meters on the Ob',

By substituting kilometer drop with!the slope in formula (2)
course length in meters 18 derived., Restating the equat’ on as

= ki end by substituting B
T I Iy, ve derive:

el
3 3)
presupposing & stream whose bed for the length of the middle
and lower current has a unifowm bottom siope I, in the area of
estuary drop the surface slope will equal I + Iy, Leeey 1e5 times
greater than in the mlddle currvente. Thus it can be approximately calm
culated that velocliy (vg) of the current in the sector of the drop
increases proportionally /Tes s ie@ V3 = 1,23vq, wWith v -
actugl current and ¥j == current in the drop zZonee The inerease of
current velogity toward the river eatuaryvinevitahly results in ero=
sion of the bottom which is conbinued until the depth attains some
1imiting velues. Limiting depths are those in which a given cur-
rent velocity is wable to continte further erosion of the botbomy
put, on the other hend, is adequate for transporting materisl which
hes reached the top and for protecting the depth from silting. A
frequent occurrence of a similar situation apparently conforms to
the function expressed in Kennedy's formula for non=gilting beds
(Tt should be noted that in using the formula calculations of Ve Ao
Zamarin (19L8) the non-silting depth in the estuary is greater

by far than that obtained by Kennedy's formula) e

In this case, follewing this formula, we can shate the

following equation
v . ,.120-6"

W | RIS )

-ls - B!
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with Hy = actusl depth and Hy = depth in the drop sones

Following the equation (L) and the empiricel functions cited

above, we can state:

Hy = 1437 Hy ’ 5)

Figure 6 depicts the scheme of a longitudinal profile of a
ritar which has en actual depth (i.e., mlddle current depth) at
the spring flood pericd of roughly 20 meters. The depth in the es=

tuary zone obtained from the equation (5) should be 27 meters.

Actuslly; estusry zone depths may be considerably grester
than those which are obtained from our approximating calculations.
In fact, the influence of the estuary drop inoreases in the degree
of approach to the estuary not li_nearly; used by ue for simplifis
caticn, but in a gradual function, due to which the greatest depths

ave localized in the lower half of the spread ZOnG.

6 .
~ 5pring flooq
,,_,‘,.,w.;m«#-(nme-,m,,.,,,,,,,Vh_m,‘.‘;‘;;., W -t e e —— . 1
Mean water-level _ _ _ _ . Ses Leve
Hegn WS
L J._r‘.' ’
Do, &
Actual sector e ste® g ey har
Spread zone
1 PR R L AN AL

- - -

Figure 6. Schema of depth distribution in estuary sectors of
a river 149 nedian (rated) levelsy 2 == actual levels 3 -- median
(approximate) botbtom i e aotusl bottom

“16=
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on the basls of chservations, the actual maximal depth
of a river (in spring flood) reaches 50 meters. The medl.an i
depths of estuary depresslons oqual the doubled depth at the
upper reaches of the river, calculated from epring £lood level.
Depth of jsolated estuary depressions sometimes are even greater ]
and in large rivers can exceed 100 meters (the Damube, for exe
ample), but these 1g0lated, overdsepened reaches ususlly areé .
formed by whirlpoole yesulting from uneven atream broadeninge

- Especislly great depthe result when the channel i8 narrowsd:

right up o the egbuary, or when there are rapids in fyont of the
eatvaryy it 1s then that great rivers with surging spring floods
have estusdy depression depths reaching several mmdred meters

(the Congo)e

Should the depth in a spring stream at the estuaxy sone
not increase, the depth of the streanm )’the meen waber level of
whieh is known )must nonetheless increase geveyal fold. This is be=
pause at the confines of the 1ower reaches of the esbuary 20ne, the
water level at spring flood and the mean weter level approximate

one another as is seen in the example indicated in Figure 6.

pauation (L) can be transposed, alter having revesled the

value of current velocity acoording to the Chesy-Naming formulay

yieldings
. 0467 045
Hlo 6l . noly I
0.67_ 0.5 (6
5,006 nbp Tz )

= | Because the H power indices in both parts of the expresgion

wlTe
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are close enough to be equal, the following equation can be
writtens

0.8
I

05 Ny

N )

Thus, with this depth distribution and current velocities,

rendered by equation (L), the slopes are determined by the values
of the factors of rougimess.

The velue n can be replacsd (according to Chang) by a mean

diameter of a portion of the bed slluvis. Equation (7) will thea

be mcpressaﬁf:a

..%séha“’““

3b D? (8)

with Dy the median diameter of bed alluvia in an actual sector,
and Dp the median diameter of bed elluvia at the sector of es=
tuary abatement.

Begause every river distributes alluvia along lts stream,
as a general rule, then, in a river which deepened suffieiéntly its
bed at the estuary, the slope must lessen downstream even during
high spring floods. "Thua the mediah diamxe’oex" of the portions of
the bed alluvia decresse in the Vclga bed at the stretch of the
spread sone almost twofold (comparing the mean mug.héssa of bhed
alluvig‘:_}ﬁfwmybyahev and Astrekhan'). Thus for the Volga I

wl8-
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would equal 1,26I5» Comparing longitudinal profiles of Volgs high
waters &% the sector of the Kema Confluence == Saratov and the |
Stalingradw= Bossta sectoyr, the ratio appx;oxmatsly conforms to the

theory. /

Thus at estvaries with a sufficiently deepened bed, the
stream slope in spring flood may be somewhat less than under usual
conditions. This phenomenon was the basis for the erronsous belief

gbout the purported fsupporting” influence of the seme |

The slope at the estuery lessens sharply with a lowered water
level (the nature of dip changes depending upon water level flucw
tuations at the Volga delta were presented in great detail in the
monograph of V. Valedinskiy and B, Apollov, 1928. The despest es=-
tuary depressions are formed primarily by water discharges at spring
flood peaks. At all othey water levels (completely formed in the
estuaries), the dips must be legs than at the upper (ususl) river
reaches, becauss the stream courses along the ovev-deepened bed,
which is terminated by the bar. With a progressive depth inerease
and decrease in current velocity, proportionate’ to the proximity
to the estuary, the slopes (at low water) lessen to a value some

times quite insignificant,

Equa'bion (4) substantiates still another funetion very imm
portant in comprehending the morphology of downstream beds. If a
river has & wmiform water discharge at median and low ourrent
{discharge wiformity in rivers at median and low current can often |

be obaerved in rivers which pass from more humid to less humid areas),

equation (k) is fully correct enly given & gradual narrowing of bed

downstream, Thus with Q) =Qy, ViU * VoWp) because

-19 -
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iy ‘{; Vg then w, ‘f Wy

If oross sections wy and Wy ere pavabolic, increase of downstiream
depth is possible enly by redueing widths This rule of course
cannot be rigidi two such forms of gross section san always be
salected that the crass section with less area can have greater
depth along the bed axis and & greater width, Nonetheless it is
not wnusual that at first glance & narrowing of bed and flood

valley is observed at the estuary abatement &one.

To our knowledges Ve Vs Dok\mha,;lw (1876; page 198) first
noted thls plmmommon. He contended that in many rivers downe
stream the number of lakewlike river valley widenings perceptibly
decroase. Appa,rm'lﬂy Ve Ve Dokuchahtv implied the downstream area
above the delta becsuse the widbh of viver valleys in deltas is

considersbly grester than in the middle ecourse of a river.

V. M. Lokhtin (1892) determined that the Dnestr middle
eourse had a greater bed width but a lesser depth then downstream.

Pa Ts Tutkovskiy (1893, page 810) noted the very seame phenamenon;

According to A. A, Shlyakhtenko!'s data (1927) the bed on the
Lena River from Zhigensk to Bulun gradually narrows more and more

in relation to the increase of depth.

The Amagon River flood vallsy at the middle course has &
width of 80 to 100 kilometers whersas et the lower course it is two
or three times narrowerj thus et Obidos and Sentarena (approxi=

mately 500 kilometers from the sstuary) Lts width is 30 kilometers,

=20
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"At the eastein area of the bagin only & narrow strip of flood
| valley accompanies the course of the Amason? (James, 1949, page
3Lg).

The narrowing of the Mississippi's dovmetresm bed ig
traged with particular clarity end regiﬂ.arity,. Data on the bed
width of this river will be elted later.

Once again, however, we shall recall that the narrowing of
& river bed downstream is not wiversal; on the contrary in many
cases bed width downstream increases, This is observed in estuaries
subject to high and ebb tide and wind waves as well a3 on secto xs
of descending shores. On the other hand, in rivers whose downe
streem areas recently left sea level a great widening of flood
valley is perceptible == the traves of the old deltas (for exe
ample the widening of the Volga flood valley at Krasnoarmeysk
and Viadimirovka),

In 21l cases, however, aven ab estuaries, the very singular
process of narrowing of the central stream nucleus 18 observed we

a phenomenon still in want of any satlafsetory explanstion.

Let us return again to Table 1 and study the column of fig-
ures carefully. Towards the upper half of the gone of estuary
spring flood spread of a specific river, simulteneous current
velocities and depth increases are obhservable. Consequently, an
increase of the speeific discharges ensues in the upper part of the
curve of abatement in the channel zone. This excess distribution of
discharge is poseible only by slackening of the current in the mare

ginal. areas and the narrowing of the ehannel nucleus of the streams

R e e

/
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Several times we moted that, ot gpring flood in estuary
sectors, regardless of the tremendous width of overflow, the
chamel nucleus of a stresm retsins the form of & naryow ribbon
within which the greater current velooity was noted. This sug-
gests that the very same gors of schema of hydrodynamic struce
ture ie applicable in principle for estuary strean broadening which

418 observed in a diffuser (Figure )

.,,

-~ Gentral eurrent nucleus...

"

i, DiTEOULON of
“ bed flow

Figure T. Schema of stream widening in a diffusey

The central nucleus, in similaw cone-shaped widening,
narrows and occassicnally retalng great current velogity for a
considersble distance. The discharging currents (indicated by
arrows) can be observed in the streanbed layers and under the ime
f1luence of these currvents elluvia move into the stream's marginal
wones wheie conditions favoring accumiletion are created due to
slockened velocities of the current.. _When the gone of channel
velocities is narrowed sharply, it begins losing stability: the
rapid persistently fluetustes and starts mesndering betwsen whirle

pDOlEm
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V

SOME PECULIARITIES OF THE NATURE OF LSTUARTES AND THE
NATURE OF OVER=-DEEPENED RIVER -SECTORS AT MEAN WATER LEVEL

As has alresdy been demonstrated, functions resulting from
an analysis of equation (L) are not wniversal because an estuary
type of bed is frequently cbesived in nature where, in spite of the
phencmencn of estuary abatement due to expansion of the cross sece

tion, the eurrent velooltles gradually dimindsh towards the estuary.

In all probability, the formation of estuaries is due more
to the ebb and flow current actions than to the activity of the
river proper, It is also pessible that a river, which bears little
alluvia with an intensive subszidence of the shore is incapable of
filling the narrow bay formed by it, and &ll the mere yetains along
its estuary qulte a marked current, the swiftness of which marke
edly inereases at spring flood when the greater part of alluvia is
borme out to sea. The less alluvia borne by a river, the more

gtable the foxm of the estuary.

Examples of similar "stable! ’estuaries are to be seen ifi-
the downstreans of rivers flowing into the Ladoga and Onega lakes.
The spring floods on these rivers occur much before the lake levels
rise, as & consequence of which favorable conditions are created
for the spread of the spring floed and the transport of slluvia.
They thus retain deep and wide estuaries with poorly developed bars.

V. S. Sovetov and P. A. Kozlovekiy (1927), 1n surveying a
small northern river which flowed into a lake demonstrated that
for 20 kilometers of a wellwdeepened estuary sector of the bed,

the stream had a slope which was impossible to measure. Kven

«23m
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marked summer floods falled to elevate the horigon and increase
the slope albeit the current veloolty increased appreciably. The
horizons in the lower sector of the river increased only with the
paseing of the peak of the 8pring flocde for a total of but two
drys.

This phenomenon which contradicts, at first‘glance » elanen-
tary hydraulics (river surrent veloclty inoreasing without augmenta=
tion of slope or increase of stage) is explicsble in that the active
nucleus of the stream (at lowered river levels) functions solely as
the cross section, In these sectors the slope remains constant with
an inerease in water discharge only until the desd zones in the
erose sections disappear. In these mones counterecurrents are
sometimes observed which have negligible velocity -- at most a few
centimeters per second. The force of these comter-currents is ine
suffieient to revolve current meter vanes but quite clearly turns
the vane counter to the general current direction in the stream.

We observed such weak counter-currents in the estuaries of some

northern rivers.

Because a river bottom for & good streteh (for hundreds of
kilometers in large rivers) away from the estuary has subsided below
the receiving basin, the waters of the latter can infiltrate into
the mean water level for a short distance upstrean. (the term
"upstream" in this instance should be applied conditionally, because
in the region of the maximum estuary depths ixp to the bar, the
river bottom has a revérse slope, Thus, the Volga from Astreke
han' to the roadstead for more ‘than 100 kilometers, overcomes &

very steep reverse slope of the bottam, )

-2l
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Heavy (colder or saltier) water in the receiving besin somge i
times infilﬁrates into estuary depressions in the bottom strats.
Artificigl increases of the surface layers of currents under water
with rough winds are more observable, where during an artificial
inerease the active river current 1s constant in the deep stream
strata (Veledinskiy and Apollov, 1928), Separate estuary depres-
sions can be filled with whirlpools when meen weter level is being
taken, Thus, for example, the 36 meter depression dépth in the
Northern Dvina's downstream stretches 1s a pool at mean water level

with an undertow eddy in its center.

THE DOWNSTREAM FORMATION OF A TROUGH WHOSE
DELTAS GRADUALLY CREEP FORWARD INTO THE

WATER ARKA OF THE RECEIVING BASIN

A gharp decrease of specifie discharges in the peripheral
sectors of the stream and the prasence of a discharging current
in the bed strata contribute to intensive accunulation dounstream
in rivers where a constant accumulation of the river flood valley
oscurs. B. Ve Polyakov (1935) stated that on the Don, Volga, Elbe
and Loire, in proportion to approach to the estuary, discharge of
alluvia markedly subsides in favor of accumulation in the river
£lood valleys. This phenomenon is also noted downstream in the
Tigria and Fuphrates (Wilson, 1925) where estuary canal surveys
revealed that only 10 percent of the heavy discharge of a river
reaches the bar. It appears that this phenopenon, with few ex-

ceptions, must occur in &ll lowland rivers.

Thus & river which bears slluvia acounulates a flood plain

in the estuary spring flood spread zone and gradually forms & chane-

P
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nel of high water of the very same type characteristic of an average
"hehavior" sector. The more intensively, furthermore, does the

bed seotor of the yiver flood valley scouwnulate, the median mark

of which usually approximates the median merk of the spring flood
line (Makkavyev, 1549, page €3.) The banks which build up along
the bed more and more hemper vhe spread of the spring flood stage.

The spring flood spread zohe ahift}s in proportion to the
increase in the river flood valley down along the current with first
a resultent shift and gouging of deep estuary depressions into the
reglon of the bar, with the upper portion of the latter (facing the
river) washed away, end then the point of initial (upper) curve of
spread is displaced downstream. When this curve is moved downwardsy
the depths supported here by the intensified sutumn stream begin to
decrease and, simultaneocusly with the displacement downstream of the
estuary depressions, an accunulation énd elevation of the mean level
of the bottom takes place as do the mean markings of the water level
in the upper sector. Thus, due to the joint activity of accunmlation
and erosion, & new sector of river valley forms and the bar moves

forwerd twgrda the sea.

It is apparent from the schema of Figure 8, that three alter-
nate zones closely linked one with enother can be observed in the

river bed bearing alluvia and actively building the deltas

(1) The zone of aceumulation in the uppey half of the region

of the spring flood spread zone,

(2) The sone of erosion in the lower portion of the spread

region and

-26=
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x ) (3) The accumilgtion zone within the water-receiving basin,

With permanent erosion level these mones gradually move downe

; stream in proportion to increase in delta lemgth.

w : I_sccumulation IT Erosion IIT Accumilation

Zone ; zZene Zone
b :
. A # L N
b A b . -Sea level
a
&

Figure 8. Schema of the re-fomming of the longitudinal
profile of the estuary sector of a river with a constent -

srosion level

Abyy by =~ Successive states of water surface in epring
— i flood in proportion to delta accumulation; aay bby --
successive states of the bottom in proportion te delta

accunulation.

The river pushes the bar forward into the receiving basin with
the loss of the depths and some elevation of the bottom in the fivet
sone of those enumerated above.: The elevation of the bottom will
not odcur if the delta incresses so glowly that the river bed mid-.
stream succeeds in dropping to a depth equal to the layer of alluvia
which latter should settle because of the displacement of the estu-
ary spring flood spread zone. This, it seems, occurs on the Fhine,
Garorme, and possibly on certain other Furcpeen rivers where an 5o

-y
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yensive erosion of the bottom midstream was ‘effected by artl-

ficiel messures (bed-narrowing by corrective installations) which
transformed the longitudingl profile of the rive);. Howaver, on
rivers with an wtempered natural cycle, the longltudinal profile z
within the bounds of midstream can be kept almost constant, bee

cause the basie factors by whose interaction the river glope is

determined (a drop of locality, the volume and nature of liquid

and solid discharge, the form of the vglley) -- with a constancy

of climatic conditions change very slowly in comparison with the

relatively rapild progess of delta aceumulation. To simplify the

following analysis we must conditionally accept the slopes of &

river's midstream as constants. It must be noted that this og-

currence, of course, will not be usuale

The natural process of db»mstremn river sccumilation 1s ac-
companied by various phenomena wnich have complicated it to an wn=-

usual degree. The most important of these are the following:

1. River Lengthening, cauging the decrease of its general slope

and consequently, the transformation of the entire longltudinal pro=-
£ile (more on the processes of transformation of the longltudinel

profile at the end of the article).

2, Slope Decresse at River Midstream, accompanied by local

increase in spring flood stages V. M. Lokhtin (1892, page 26) noted
the inevitability of this procsss and stated that because of the
washeéut of the longitudingl profile "the high elevations of autumn

waters recur all the more frequently.®

V. M. Lokhtin's thesis finds some suppert in an analysis of
avallable data on the maximsl spring floeod glevations., Thus with E

28w
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data on spring flood elevations of rivers éf Trance a tendency towerds
| increaging spring flood elevations downsitream in some rivera can be
‘ i defined. This natural law can be traced with particular clarity for.
] the Lolre and the Rhone. Inundations of the Seine for the past dew

cades flood Parle with ever greater frequency (Memry, 1949),

It should be recalled that the highest stage levels on the
lower Rhine were observed in the winter of 19hOelLl when the main

line of defenses of both warring parties were inundated.

Research on spring flood stages for 300 years in South America
also indicate that the highest flood levels for most rivers have
come in thls eentury (Jarvis, 1939). However, it is impossible to
define any tendency towards stage increase of spring floods =- on
the basis of these data =-- downstream on reaches, end in most of ‘
the instences the increass of spring floeds are apparantly cone -
nected with the lacl; of mii‘oxﬁz discharge resulting from timber “
felling, 8

The spring flood level of the Nile at Calro, én the basis of
observations oormenced in 622, has a tnndancy‘ to increase. On the
average, it increases from 10 to 15 centimeters a century (Jarvis,
1936). Unfortuwnately, informabion is lacking on average level
changes of the Nile's upstream reachea.

The inerease of spring flood elevations intensifies the

phenomenon of estuary sbatement and facilitates the inerease of

relative depths of estuary depressions, Therefore with delta ac-

:
!

cumilation, regardless of slope,decréa.ae, the depth of estuary de-

pressions cannot deocrsasa,

éaga
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3¢ Change of Area of Water Concentration of a river which proe=

duces a change in the quantity of discharge, which passes through
the lower sector, Sometimes in the process of elongatlon, twe rivers,
formerly independent, join in one gulf, The process of a similar
Junction is noted at the estuary of the Amsson whose delta jqined
with that of the Rio Para. Frequently, though, on the contrary, the
elongation procéss is accompanied by a logs of water discharge Lo
infiltration, and evaporationy then the elongation of a river deoes
not lead 'l;o the incresse of basin area because, to the degree of
formtion of the alluvial plain, separate delta branches are trange
formed into independent small rivers, encompassing small tributeries
of the mailn river. Examples of such encompassing can be seen in the

Mississippi delta (Figure 9).

Lo The Splitting of & Bed into Branchess In covering a part
of the receiving basin ‘water ares with alluvia, a stream concentras=
tes ite eroded material along the divection of its chamel. The
bank which forms initially has an elongated sort of form with a
hollow in the upper porition glving it 2 sandy hillock appearance.
Because the discharge of water and alluvia change constantly,
situations are always gmated that the stream, in encountering banks
formed at a higher water level, is forced to detour these banks. The
spring flood stream, whose dynamic axle in the sones of widening is
generally marked by a lack of stability end is able to change its state
as a result of any external action, can divert in the future into the
detour vavines thus formed. As a result, the lower part of a river

can be split into a great nunber of branches.

In the fuﬁ:har advance and gonging into the delta deposits

of a riverbed, there is an extinotion of a considersble portion of

I
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the branches; the tendency towarda their formation, nongtheless, M=
mains, because in the formation of a valley, a8 ghown above, the
river ourrent depoalts alluvie primarily in the dirvect proximity of
the chamnele A Naryow 1ittoral embankment 1s formed beside the bed
which can easily be breached by the apring floocd waters, and the

of
elevation of the latber inereases all the more wi'th the elevation

the level of the embankment ridges.

'

Figure 9. River systen in the downegtream valley of the
Missiesippl.

«Jl=
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Embankment breaches and passages of streams from one delta
sector into another are naturel and characteristic for all ac-
tlvely growing deltas, The length of a lowland sector and the aver=
age dip frequently change in accordance with the state of the main
current of the river in the deli@. As & result of the aplitting
of a bed into branches the curve of spring flcod stage spread bee
comes very complex and is broken down into a number of separale

drops and steeper points.

Without lingering here on other factors (influences of vege=
tation, wind, the condition of the sea, ice, etc) significantly
changing the water in the basic process of the development of &
river lowland, the schema of which river is presented in Figure
8, we shall, nonetheless, attempt to dlarify by actual example
the possibilities of application of this echema for 2 bed anale

yeis of a natural river.

As an example let us take the lower part of the Mississippi.
To the degree of ploughing of soil and felling of timber in the
Migsissippl basin, the amount of alluvie entering into the river,
inovease tremendously, after having caused a pronounced delta ace-
cumilation (the ercded material of alluvia morecver was augmented
by the caving in of the river flood valley and by great dredging
projectaswhich was particularly rapld in the past century when
its average forward movement reached 350 meters a year. Man ine
tensified the progess of the creation of a river valley and the dis=-
placement of the delta, which, under na:tural conditionsy surely would

have teken a millennium.

..3 Qe
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Figure 10. Schema of Mississippl Longitudinal Profile, 1939
TARLE 2
DEPTH SIZE AND PROFILE SLOPES OF THE MISSISSIPPI
River Distance Slope Depth Current Slope Depth in
from in veloclty
Sector Benchwork meters meters per meters
in Kiloneters 4 gecond
Arkansas 106040 - |
0,00022 25.2 2.9 0,00020 5. 5
Lake Pro= 8923 i
videnns 72 0.,00018 27.1 2,76 0.00018 1063
Salnt 699 .
Josaph ' 0.00015 28 03 2‘70 0.00012 16.0 H
K
Angels 554 0.,00003 29,6  2.70 ¢ ©.000027 2545
89,
Plagicvenen  389.5 0.,00012 31.2 2,81 0,000013 30.0
21343
Garppiien : 04000119 32.1 2493 0000022 30.6
weat Point 126.L s
: et Foim 0.00006 26,5  2.92 0.000035 26.2
rt Jackson 78.1 o |
; " 0.00003 16,2  1.05 - - .
L Bar -0 ;!
>
i
{
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Figure 10 is a schematic prc?rile of the Misslssippl from
Arkansas Clty to the sea coaste The depths and water level readings
in the spring flood zone and at mean water level have bfem taken from
pllote! charts published by the River Waya" Service in 1939.

Current velooltlies have been deternined by sllowing fox
the channel portion of the etream, where it was borne in mind that
average roughness of bottom sedimentations for the extent of the
sector under consideration changes almost twice, and therefore the
coefficient of roughmess was made & varieble in accordance wiﬁh

Chang's formula

6
n= ¥

The following analysis can be drawn from Table 2 and

Figure 103 ,

(a) The greatest uverage depth both in spring flood and at
mean water level is in a sector 126-213 kilometers from the estuarys

(b) The current velocity in the Arkansas City -- Saint
Joseph sector noticeably deercases; apperently there is an alluvia
accumulation in the channgl ab this aves.

(¢) Current swiftnesses in the Saint Joseph -= Pleykvemen
sector are prectically constanty apparently there is a neutral zone

here where the transit of alluvia prevails, |

(d) Qurrent velocities at the Fleykvemen -= West Point
sector increase; ayparently this is a sone of actively growing
estuary depressionsy »

«3le
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(o) The velocities in the West Pointes= s6a 0OBSY sector
subside; apparently this is the sone of bar formatione

Tiig. in the lower parve of the Missisaippl ave noteds
the none of acoumilation before the spread reglon (zone T in Figuve
8) and the wone. of erosion(zone II) in the downstream parts of the
spread area; the process follows the basic acheme indicated in
figure 8 (the gompubation method adopted by us is 80 approximate
that the tables of course, presents only the general nature of the

functions, and it 1s impossible o judge the precise mons boundaries).

The Mississippi bed of }mmm mean water level within the
gpresd Zone, in degree to the approach o the estuary, narrows downe
Tts width isy Calre 1350 me‘be’rs , Natchez 1200 meters, Baton Rouge
900 meters, New Orleans 750 neters. This example fully confirms the
sondencies towards narrowing of a downstrean river bed where the

river forms ite bed within the elluvial plaine

TARLE 3

CORRELATION OF EXTENT OF ABATEMENT TH SPRING FLOOD
AND AT MRAN WATER LEVEL AT VARIOUS SECTORS OF T

LOWER VOLGA

Bench Mavks ' Average Abatement Correlation of
w
9 ﬁ centimeters/kilometer Spring ahd Mean
o
§ g Water Level
Pts At Flood At Mean
gx pesk  viater Abatement
§ 5 level
% “% 1912 1926 192 1926 1912 1926
, -
TECrakantEtalingrad 196 310 3.0 FT 1,07 L0 L&

stalingradeKamyshin 179 470 BB bo00 3.5k 1.8 1.54
Kamyshin-Saratov 237 1,06 L6 3487 3.5 1.05 11l

=35=
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[The profile dip of waber suxface at spring flood was determined
a8 the average between the dlp at the end of peak and at the bew

ginning of the recession)

The question on requisite criteria arises for the practicsl
determination of the extent of zone spresdyin somnection with the
fact that downstream on rivers with a fixed geomorphological eycle,
slope mey be even lower at spring flood because of large depressions
and a decrease in alluvlia coarseness, than in the usual sectors. NeSe
Lyelyavekiy (1895) pointed out that the basic criterion for gauging
an estuary zone was the correlation of spring flood mesn water slopes
with those at mean water level. If thls correlation is greater than
the unlt, a preponderance at gilven pointe of deep water stretches is
indicated, the existence of which are due to estuary erosion. An
exa{nple of the slope distribution on the lower Volge is indicated in
Table 3. The figures show that both in the exeeptionelly high spring
floed in 1926 and in the average flcod of 1912, the correlation bee
tween the extent of abatement intc the high water and into the mean
water level is greater then the wnit along the entire sector Seratove

Ashrak}mn{

INFLUENCE OF FROSION LEVEL FLUCTUATIONS ON THE GEOMORe
PHOLOGICAL CYCLE OF A RIVER DOWNSTREAM

Becguse the location of a spread zone is linked with the source
of ite existence, l.@., the estuary, the dislocation of the latter
showld thus be accompanied by & dislocation of the accunulation and
erosion gones for the length of a river. Thus ercsion level chenges

" (when accompanied by a change of estuary site) (It is true thabt

36
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erosion level will change as a resuly of tectonlo phenomena, but the I A
length of the river remains unchanged. However, where an erosion |
level change i8 wrought by level fluctuations in the water recelving

bagin or by a general change of dry land elevation, the length of

a river cannot but change.) are very indicative of the bed cycle.

First let us examine the simplest schem;e. of a phenomenon,
having been adopted for the firat such instance, when with & change
of erosion level, a simultaneous incresse of both length and abate-
ment of a river ensue in such correlations that the average slope ;.s
unchanged (Figure 11). The lowering of erosion level thua generally
results in the very same phenomeéna (only they are more intensive), :
as in ite staticsconditions the doredelta is gradually notched, the
bar moves forward into the sea and the estuary depresslons gimul tane=-
ougly move forward down along the streame At the very same time there
18 a £illing from the upper side of the old depressions and an ac-
edlulabion of alluvia in the river velley. The whole difference is that
the bar will move mo¥e intensively and the scoululation layer (crosse
habehed in the sceteh) will be somewhat less. Moreover, the magni-
tude of an accumulation layer for a given period will be dependent
‘upon the rate of lowering of the water basin level. The magnitude
of alluvia deposited in the bed on the average should not exceed
the extent of amplitude of the levels, bu} because the separate
estuary depressions atiain a very great depth, in places the alluvia
layer at various isolated sectors can be significant (uwp to 100

neters and more).

There are two contingencies in increasing erosion level s
(1) abrasion widens the flooded velley so that the spring flocd wave

spread will be unimpeded at the sector of the new estuarys (2) abra-
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sion does not widen the valley and the estuary acquires the fom !

of a narrow estuary.

Tn the f£irst instance, upon increassing the eroeion level, the
process is the exact converse of that in Figure 1l; the estuary de-
pression moves upstreamy the erosion-formed slluvia fi11 the upper dip of the
ber and the labter likewise moves upstream. Because the spread zone
15 diverted in a direction counter to the stream, a despening of the

river bottom is possible and even a certain lowering of level.

Tn the seeond instance, the spring flood wave spread 1s cone
centrated at the expanse of the estuary. Ve shall not take wp this
instance because of the very complex nature of the phenomenon, bub
it seems that Davis's schems is spplicable here, particularly if the

valley is narrow and canyon-shaped.
[See figure 11 on following pagel

Tn rivers bearing much alluvia and actively buillding deltasy
with a very gradual elevation of the level, the length can remain
eonsbant and aceululation will oecur over the length of tvhe river
lowland. Thus the elevation of erosion level can result in a gen=-
erel aceumilation in the bed and river flood valley even when it is
very gradusl and the rate of delta accumulation is equal to or

exceeds the rate of the advance of the shore line of the sed.

The rapid increase of erosion level in a wide valley can
resuld in quite a marked evosion of the bottom (to & depth not in
excess of the smplitude of the levels, i.e., up 0 several meters),
instead of accumalation end slevation of river level (according to

Davis's schema).

-38-
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d - gea Level Situation I

~,

. . Sea Level Situation II

t e -

.,

Figure 1l. Schema of Dislocation of Estuary Depressicns with Changes

of Erosion Level

- 1. General site gradient 2, Accumulation mone with a lowering of

sea level

Tn rivers subjected to sea water inundations in the past, the
estuary depressiunsy apparently, were displaced. Like & plough, they
furrowed the bottom of the valley and again filled up with the re-
cession of the basin, In all 14kelihood, it may be possible to
1ink with the processes of displacement of estuary depresslons
the circwabtances thab the great Volga, great Don, great Oka, great
Kama and some other "grandparents" of the rivers of the Hussian
plain had a bottom several meters or several tens of meters lower

than the present day-rivers.

-3 9-
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To illustrate the basic schemas (Figure 8, 11) we shall oite
two examples of the dislocation of the estuary zcne,

1. The Breach of the Vistula Delta (Figure 12b) ceourred on
the night of 31 Jenuery 1840 as a result of an ice jam formation. By
the following morning the width of the breach was 300 meters which
then rapidly expanded to 750 metqra. In the sector above the breach
& typieal recession curve formed (Figure 12,A). Because of the tro-
mendous erosion of the bottom, the water level of the stream (whose
mean water level was known) dropped to Tl centimeters and the depth
increased markedly, The decpening then spread several tens of kilo=
meters upstream, after having caused a gradual tapering-off lowering

of the stage of mean water level,

The example cited may not be Very convineing with respect to
a simple explana‘bion‘of erosion only by the increasing of slope dug to
a shortening of river length with wnchanged sea levels Bub ons should
remember that an inundation by the sea of the lower sector of g river
with a slanting longitudinal profile will always be accompanied by an

increase of its average slopes.

It is exg¢eedingly interesting that in this ¢age the fixing of
the abatement curve of the water level was possible to a degree as

thorough as would be seldom cbserved even under laboratory conditions,

2. The Lower Volga, The question of the lowering of the
Casplan Sea level has been so well aiyed in contemporary literature,

that we will not he.lt to deseribe this phenomenon here,: Tt should be
noted that the lowering of ‘the sea resulted in the inercase of river
length in the past 50 years by 25 to 30 kilometers and in a certain

: 0-7
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Kilome ters from the old estuary
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Figure 12, The 1840 breash of the Vistula downstream

A - Longitudinal profile of water surface at spring flood and

mean water level before a.nd after the breachy lelevels before
: breachy 2~ Levels after breach B - Sketeh indicating old and

new beds.

i
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tnorease of slope which slightly inoreased the avevage slope of the

Volga downstroams Thusy a8 with the preceding axanpley with an

increase of dips the estuary does not move up, but downstreams

T regsrd to the gnifting of the estuaxy, at present an

intensive gouging of sppavate beds of the delia branvhes of the >

Yolga and an advance of depre:sions 0 the sea is ohserveds Ao=
cording %0 remaraﬁes conducted 8t one of“ the branghes of the dglta
the shift of the deep depressions Folows immedistely WpoR the noves
ment of the shore lines Figure 13 depicts a schema (the schema wes
drawn up by Jge Fs Belevieh who cbligingly authorized its publice=
tlon in this article) of the chaﬁg@ of @ longitudinal profile of

the bottom of e branch for the period 1823 through 19§7s This branch
18 second grade and geneyal delia vefomations had comparatively 1ittle
affect upon it \{FA‘ ¥, Belevich notesy %00, that washing away of the
upper parts of 1glands is very typical for ithe lower sectlons of the
delta, whichg in ouws view, ususlly is 8 marphnlog,ieal atiribute of

an aetive; despened erosion for flatland riverss The progesses of
erosion of the botivk resulted in a lowering of the mean wabter levsl
porison at Astwakhen's which however cgnnot be said for spring £lood
wateyse

01 23L5S 678 910 11 12 13 1 15 16 17 18 19 Kilometers
“Wa fs“fﬁ Leve.l. 3/Xl9lt7 /lﬂ?B “Deita Shore 19&7 deltq,“ahore

g A T N
N\ ’{5 \ jf s 1) ? \{ 19137 bottom Line”

Figure 13. Re-forming of the bottom in one of the branches of the Volga
delta, which resulted from the receding of the sea. The 1823 longitudinal
profile of the bottom ig indicated by the dotted line., the present longi«
tudinal profile by the solid line.
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The gouging of river egstuarles in the arsa of the fove delta

TR T

with the lowering of the erosicn level, in the 1ig}}t of the pleture

obtained is not something unugual, end anothex aspech of the bed
process linked with the 1owering of the eroslon level interests us'
mora, to wits acounulations at the river sector above the estuary :
depressions (ir the firat aone, Figure 8). Volga vresearchers have “{
| ! pedd very little stiention until the present to this latter pheno-
‘ menony apparently nob assuming the possibility of a functional con-

nection of accumulation and the raising of a yiver botiom with the

lowering of the eroslon level, B. V. Polyakov slone, :Ln one of his

1ast works (1946, page L19) shove that "on the lower Volga & elow

raiging of the bed was detected, attested to in the raising of an=-

nual horisons approximating one centimeter a years"

We ahtempted by other means to verify the authenticity of

the phenomenon noted by Be Vo Polyakoves

1., 'he rated, or a cub, horizon (the provisional horizon
to which ave pegged the readings of the bed surveys, gnd eonforme=
ing to which the depth of dredging in a ship channel in the deep-
ening of sand banks are fixed) is a quite adequate index of the
average bottom level. The reading of a rated horizon are get by
the method of sowcalled minstantaneous® leveling for the entire
extent of the navigable portion of the river with painstaking care,
\ 1 ) because exrrors in computing 4% vesult in tremendous non~productive
‘ expenditures in dredging. Tn checking the out borizon at numerous :
bench marks of the lower Volga, the ¥olga River Ways Sexvice suc-

¢eeds in raising this horizon st 30 bench marks on an average of 50

i}‘ | -l3=-
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f to 70 centimeters. Figure 1L shows the magnitude of changes of cute
; from 1938 horizon levels. It is apparvent that the changes of the ‘
cuts gre not uniform. Apparently this was caused by local re=-forme
ings of the bottom, but slmost all were in the nature of an exces-

sive increase.

Excessive increases of cub horisons are established rdlative
to bench marks located along the shore et short distences (usually
less ﬁxm & kilomoter) from the shove waterline. Therefore 1t is
impossible to suppose en influence of ‘ectonic cauvses for this
phenomenen, because a similar protrusion of the Volga bed relative to
the shore or, on f.he contrary, the subsidence of the labter in come
parison with the bed can ocour only where along the chamnel, strictly
conforming to its fold, the axls of the anticlinal elevation would
extende |

[8ee figure 14 on follcming page]

2. In the area from Kuybyshev to Vladimirovke the gilting
of river ports and coves is excesdingly great. The volume of al=
luvia depodited annually per wnit of water area is, on the averege,
1.5 to 2 times greater than at the midreaches and 2 to 3 times i
groater than av the ﬁpper Yolgas Data on silting from computations ‘
on dredging and fram comparative ealculations on water arsa volumes,
were anglyzed by us for the period fxom 1923 through 1945 (Makkave- |
yev, 1951). .‘ | 1

3. The fact of the process of alluvia deposit in certain
perts of the Volga dowmstream is confimmed by direct observations

after a heavy river discharge. According to G. L. Shamov's data
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Figure he neagurement of cub horizons on the lower Volge
pelabive to the 1938 horizon. Above the line of shacissas ave
— plotted the increase,; bELOW = the decreases of the out horlzone

The cut horizon up %o 1938 was taken for zZgro on the charts

(1949), the average alluvia discharge ab Kemyshina 18 950 kilograms
a second, whereas ab Dubovka it decreases Up wo 597 kilograms &
second. Thus atb this sector there 18 a 353 kilogram accumulation

per second, or about 11 million tons annusll Ye

L. Ususlly the growth of river islands, sand barss and banks i
upstrean 1s & graphic morphological gymptom of intensive accumila-
tion in the bed. One of our articles (MakkaveyeV, 1948) eited

compavative sketchea of Golodny,j Tgland near Stalingrad, the sbove=

o G-
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water part of which moved upstream at an approximate rate of 50
neters a year, Regressive gand bank growth was noted at Sara=
twv, at the issue of the Akhtuba, near Viedimirovka end at a
aumber of other places of the lower Volgas We call %o mind ‘chat
below Astrakhan' the inverse phenomenon is obsexrved, L.e.y GLOVE=

watexr parts of river iglands ars washed oube B

Thus meny symptoms show that the bottom of the Lower Volga
is paiped dve to accumulatlon, in epite of the lowexing of sea
leveles

pecause one of the main reasons for the lowering of the

Casplen Sea level was the decrease of river discharge, it may be
presumed that the elevation of the level of the Jolga resulted
from the diminution of water discharges and thus by the waning of
the river's attraction power. This cause, indubitably, had a
xelling effect upon the phenomenon c.;f the elevation of the bottoms
but 4f it be primary cause, the élevation of the botiom could be
traced for the entirve extent of the Volga, Kama and Oka, where
diminution of water discharges were observed, MNoreover, an anale
yeis of the changes of ¢ut horizons which ocourred in the past
30 years, and an analysis of low water 1level horlzons for the last
70 years indicate that others, like these, VaIy around a certalin
averape state, withoub revealing a fixed tendency towards lowering
or raising. The spring flood levels for the 70 year period dis=

close the very same pleture for the middle and upper Volga, the
lower Oke and the lower half of the Kamae. A regular spring flood level
clyvation is traced only on the uppex Oka, shereas at the middle

oka vhe spring flood levels for the very same period reveal & slight

=libw
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tendency towards lowering. A progressive and quite powerful (approxs
imately 1 moter a yesr) lowering of spring flood levels has been ese ' J

tablished for the upper Kame.

Then too, a comparison of numexous fixed water discherges ose ‘
’oahlith\ad foz'f the niddle Vulga by a survey group in 1882 to 1884
at m%ﬁa% ::ic; (2296 kilometers from the estuary) nd at the town ‘
Vasii'aurska (2181 kilometers), with current data indicates that
a deepening of the bottom by almost 1 meter occurved during the last

50 year period.

Thus the elevation of the lower Volga'a‘bot'bom 18 a local e
phenomenon and is traced for the extent of the upper half of the

spring flood spread sone (sone I in Figure 8)., Below this sons a

despening of the bottem should oceur and this is actually traced on

data of the wator-gaging station at Astrakhan' and has been ascere -

tained by direct obsebvations at the delts branches.

The phenomena currently observed on the Volga generally con=
firm the theory developed by ug on the mechenism of erusion and ace
cunulation downstream on the Niman, apperently, a raising of the bottom
is dlso ocourring. S. I. Kollupaylo (1933),from an analysls of water
surveys from 1811 through 1930,concluded that an elevation of the bote
tom by about 30 bentimeters occurrved for this periods The process of
the recession of the gea in the region of the issue of the Niman is ’
soverel times less intensive than the process of the receesion of the
Caspien Set. Nonetheless at Klajpeda the relative elevation of dry
land 1s estimated spproximstely ;squal to 1 millimeter & ysay (Belo-
usov, 1948, page 110),

The theoretical analysis and examination of examples convincesg
us that the idea of a tributary of the river stream with the waters

- L7 - T : ',,
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! of the recelving basin has litile foundation . However,in a number of
| cases the pouging of rivers with the lowering of erosion level, in=

' ’ dubitebly, does ocour and, for example, if the Volga and Ural were not
‘ gouged in the lowering of the Caspian Sea level, then they would

i spread in the flatland like the B%I:%‘}uoymhdﬁwﬁ;cyi Uzen', Uil and other
| small rivers of the Casplan Flain. The fact is, apart from processes
connected wlith estuary abatement or tributartes whiech produce only lo=
esl and, virtually, not verxy extenslve goﬁgge; or silting of the bed,
the process of general change of river profile exerts a great inilue
ence (and in the case of significent fluctuations=- the debisive in-

: flugnce). Where in the recession of the recelving waber basin,berrie
tory crops out having a greater slope then the average slope of the
waber surface of the stream In the river midstream (in the forming of
the river discharge),a general gouging of the bed; initially down- »
stream, then midstream ensues. Where the river dip exeeeds thab of

the croppede-out territory, an accumulation of glluvia in the flatlands
ensues, as does the obstruction of the estuary and a spreading of the
river along the plain, The greater the river water discharge,all things
remaining equal, the slighter ths water surface slope and the greater,
probably, the gouging of the rivers Small rivers have smaller slopes

, and frequently are subject to siliing in the lowering of the erosion

: level only if they do not becomé,in the changes of the shore line,
tributaries of another more powerful river. The change of a river's
watershed has greet significence heve (as noted previously), as do

clima tological chenges which resulted from the changes in erosion

level or what accompanies ibe All these processes of great com=

plexity are not comprebended within Davié'g‘% schemae

AT e U . S S—
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The "fathers" of Americen geomorphology == Pdwoiél, Gilbert,
i and Dutton == conceived of the idea of a close functional link

between changes of erosion level and river erosion, appavently

because they observed this phenomenon in the region of the Colo=
rado plateau, where in the recent geologlcal past, great verti-
cal uphesvals of & block type occurred which resulted in intensive
gouging of several rivers. Davis borrowed 'bhié idea and without
valid reason adopted it as a general prineiple.

ot e S
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THE FORMATION OF AN AFATEMENT ZONE AT THE ISSUE ,
OF A RIVER INTO A RESERVOIR, WITH THE ISSUEL OF :
ONE RIVER INTO ANOTHER AND IN SECTORS OF T}m
WIDENING OF A VALLEY

: In cases when the water reservoir fills in the period of
the epring flood and its water volume 1s very great compared with
the water discharge into the river at mean water level, conditions
arise similer to the case of the issue of a river into a lake, A
miner lowering of level at the confluence ¢an occur at mean water
level periods resulting from formation of local ahatement zones,
The abatement phenomenon is particularly distinct when the tolerance
capacity of the reservoir exceeds the discharge of water in the
rivers This is apparently when the thinning=out zones of the tribu-
tary, which are actually observed, are located somebimes much below

_ 4 where they have been estimated, The depressions frequently drop
lower than the usual ones with the resultant great difficulties
encountered in navigation in the upper reaches. The character of
such gones is still not the least bit well known, and in researches
of rivers at mean water level, an erosion of the bottom can be dew
tected at the confluence area of the stream with the reservoir
waters, although, at first sight, an alluvia accumilation ought to
occur there, S. Ve Rusakov (1948) encountered a similar phenomenon
in conducting researches at the upper reaches between sluices of the

Dneproges,

The phenomenon of spread of the spring flood has great
significance on the character of tributary estvariecs and is the

- ) =
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more explicit the greater the difference in the tritutary dise
charge and the river receiving same, We dealt with the particulars
of the geomorphology of river confluence junctions due to this
phémmmon in an earlier work (1949) and make tut krief mention of

them here, .

The following have the greatest significance on estuary

erosion at river confluence junctions:

(a) ratio of the levels of the amplitude of the confluemt

riverss

(b) ratio of the periods of passing of the spring flood
peaks,

A clearly marked abatement curve is observed at spring £lood
in rivers with great level fluctuations which issue into rivers with
a less variable level, which furthers the development of the
deepened erosion. It is because of this, for example, that the
Tosno river which issues into the Neva and which has an insignifi-
cant mean water level discharge tut a relatively high spring flood
so deepened the lower sector of its stream that at mean water level
almost up to Nikol!'skiy Village it reaches the tributary and has
great depths, In instances where the spring flood in the tributary
passes much earlier than in the main river, a deepened erosion also
usually develops in it downstream, In regions with monsoon type
precipitations particularly when large rivers gouge coastal mountain
ranges, it is characteristic that tributaries in the lower reglons
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of river basins experience a f£lood earlier than the main river,
while in the upper regions of the basins the tritary £loods

avre somewhat delayed. That is why the estuaries of the tributaries
in the lower portion of the basin are relatively much deeperes

Such a picture of the smur was the cause for several researchers

assuming a dropping of the downstream ares of the Amw valleys

22 Aug 1949
60 Cenbimeters

Figure 15 The formation of a depression of the water
surface at the sector of local bed widenings The average
depth is 1 centimeter; readings of water relief are given
in hundredths of & millimeter from a provisional gzero

An intensive deepened erosion in the estuaries of the tribu-
taries of the upper Volga started when, as & result of the cone
struction of water reservoirs, the Volga flood, held off until they
were £illed, began to wane later than usuale Rivers formerly
trangquil in spring flood become raging streams and strongly erode
the bottom and shores. Hven a tributary as powerful as the Oka
changed the spring flood cycle, which has a telling effect also in
a tremendous change in the chamel in recent years, and in a marked
regeneration of landdlide phenomena on the undercut sectors of the

main shores,

-.'5,9\ -
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Finally, the spring flood stage gimilar to that of the
estuary, except that it is much the weaker, can always be observed
in sectors of local valley wideninge This spread causes the
formation of a deep swreteh of waber at the upper narrowed sactor,
and at the gorge outlet we sandbanks of peculiar form of the type
of a submerged sandy hillocke We call such sandbanks "external
bars" (1949)s The phemenon of local abatement at the outlet of a
strean into a widened state 18 readily reproduced in a laboratorys
Flgure 15 depicts a reliel of water surface in the widening of a
stream in a pane The depression of water surface is clearly
noticeanle at the beginning of widening, shifting with the elevation

of 1level before the narrowinge

INFLUENCE OF SPRING FLOOD TRANSFORMATION ON A RIVER!S
LONGITUDINAL PROFILE

one of the best river estuary researchers, Bs Ao ApolloV,
hag indicated repeatedly that it is impossible to sever a river
from its estuary. This profoundly valid thesis, however, is ignored
by some researchers who forget that a river in its entirety isa
surprisingly coordinated hydraulic mechanism sengitively reacting
to changes of external conditions but always in such mammer that
the separate parts of this mechanism are closely linked by definmite,
albeit constantly changing, relationshipss In studying separate
parts and separate forms of the bed character, to aveid errors, it
48 necessary always to deserive clearly the arrangement of these
individual phenomena in the éeneral system of the river mechani sme
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An exemple of a methodically imaccurate, purely formal
approach to the study of rivers is the work of Tovanovich (1940)
on the investigation of a riverts longitudinal profile which won
wide popularity, After having quite avbitrarily dissected a river
into a countless mumber of fragments, Tovanovich investigates each
of these fragments separately, completely uninterested in the place
cach fragment has in the whole system of the current. A tree can
just as successfully be studled which bag been hacked into tlwy
pite and mixed so that it is impossible to determine to which part
of the tree they belong: roots, trunk, or pinnacles

Moreover, the formation of & longitudinal profile of any ‘i
sector of a river in great measure depends upon whebther it is
closer to the estuary or the headwaters. Galﬂleé had already
established that in the interaction between a stream and its bed
the general form of the longitudinel profile is gradually developed
and is characterized by & subsidence of slepe from the headwaters

to the estuary (parabolic curve exposed by the curvature dowrsards) e

There are many causes comtributing to this form, the most

essential of which ares

(a) the increage of downstrean water discharge, as a con-
sequence of which friction losses decrease towards downstream, and
the stream!s bearing capacity does not diminish regardless of the
lessening of slopep

(v) the digtribution, abrasion, and diésolving of alluvia
 particles, causing the gradual pulverizing of the latbter toward the

. . . !
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estuary due to which the roughness of the bed -= in the same
direction == is diminished, and the current velocity required for
alluvia bearing is decreased,

Both these reasons, however, do not always suffice to exe-
plain the parabolic form of the lohgitudinal profile, In many
rivers wabter discharges towards the estuary subside considerably
(the Ural, the large Middle Asia rivers, the Tigris and Buphrates,
et al), the roughness for the extent of the lower current changes
in small degree but the longltudinal profile nonetheless maintaing
the form of a parabola exposed by the curvature downwardse The
longitudinal profile of these rivers would have an inverse curvae
ture (curvature upwards) were it not for the spread of spring flood
wave described above,

In the spreading process there is a conversion of a tremendous
amount of potenmtial energy into leinetic due to which the stresm ean
effect the same erosion and bearing as in the midecurrent of the
river, tut with a slighter bottom slope,

It 1= obvious, on the other hand, that the process of formae
tion of the gpring flood wave is accompanied by a conversion of
kinetic energy into potential and contribubes to the lessening of
the erosion and bearing capacity of the stream in that part of the
river where the spring flooderest increases downstream,

Mgure 16 depiocts the schema of the transformation of a

spring flood wave along a river, From the sowrce down to a certain
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point midetream the crest rises, The loss of kinetic energy in
the elevation of the gpring flood wave contributes to a slowing
of current in this part of the river, l.e., contributes to a
certain "tributary" of the atream‘ in the period of passage of
water discharges forming the beds 1In the estuary zone where &
lowering of the spring flood level ocecurs, the potential energy
accumilated upstream is converted into kinetic energy, We pro-
vislonally depicted the 8lope corresponding to the uniform stream
flow by a straight line and designated it average slope, The
bottom slope in the zone of formation of the spring flood wave is
greater than the average slope when, in the zone of diminution of
gpring flood, the mean water level slope is less than average,
Thus the mean profile of river bottom forms a depression in the
midstream zone and the curve of the longitudinal profile is generally
denoted by the curve exposedp by the curvature dowmwards,

Formation zone | Spring flood ]

of spring Neutral wave !

flood wave Zone spread gone i

Source . :

. !\“T;me ' Tl - : (
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| Figure 16, Influence of the transfarmation of
the spring £lood wave on the logitudinal profile

/ of a river

1 == average 5LOpS 2 we high waber profile 3 == potton profile

Thas Calileo's hypothesis 18 accurately and‘ very simply €xX=

plaineds

We can noW oriented by the parabolic profile concept, return
to Davig! schemae 1f£ with the raising of the eroslon level, the
bagin shore line advances onto the ary ground and a part of the river
valley 18 flooded, then the sloping pard of ‘the Longitudinal profile
ig severed. Ihe CWrve is destroyed and the entire river longitudinal
profile st be changede The sloping sector of the profile mst be

restored either by delts buildeup or by bed=gougings

To determine which process (gouging or accumilation) will
occur, the entire get of conditions mst be analysed which accompany
the phenomenon of the raising of the arogion levels the activity
of alrasgion, swiftness of sea level change, intensity of delta vuild-

up, change of watershed, 6bce

In lowering the eroslon levely if the lowering is accompanied
by a recession of the basin shore or 3f the average river slope
remains constant, the sloping portion of the profile curve shouwld
move dowrsards resulting in a gouging of the bed in the newly formed

dry areay bub simltaneously there usually occurs an aceurnila tion in

- 5] -
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the midstream junction with the downstream sectors. Accumlsation
and gouging in this case also depends upon many conditions, of
which the most important are the change of conditione of discharge

and change of general river slope,

The processes of forming rivars" dovmstream are marked by
extraordinary complexity and it may be stated positively that
Davig' schema 1ls not applicable in paleogeographic analysis of
flatlands (barring their having undergone, in the perilod in question,
great vertical fluctuations)s In each separate case a concrete
amlysie‘must be made of all factors contributing to the précass
because, depending upon their configuration, gouging or accumilation
of river beds can be indications of totally different processes.

The problem of the character of a stream's longitudinal pro-
£ile, particularly within estuary sectors, can have a direct bearing
upon problems of great importance, The regulation of estuaries and
river confluences for mavigation, the planning of large resarvoirs,
the combating of floodsy the improvement of river valleys which are
subject to imundations =~ in all of these turning problems of the

national economy, & valid prognosis qf the change of the logitudinal

‘profile of a river hag decisive signdficance, All this points to

the necessity of a serious and comprehensive study of this problem,
to which unfortunately, as yeb, insufficient abtention has been
devoteds
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